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ABSTRACT

The data acquisition system in the Low Speed Wind Tunnel at the Aeronautical and
Maritime Research Laboratory was recently upgraded. Several software packages
were developed using C, X/Motif, and OpenGL programming languages and libraries.
The software provides wind tunnel operators with graphical user interfaces from
which test data can be easily monitored, acquired and processed. Descriptions of all
software source code functions have been compiled and included as Appendices in this
document. These function summaries have also been published on the Defence Science
and Technology Organisation Intranet for easy reference for future software
development.
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Software Function Summaries for the Low Speed
Wind Tunnel Data Acquisition System

Executive Summary

The data acquisition system in the Low Speed Wind Tunnel (LSWT) at the Aeronautical and
Maritime Research Laboratory (AMRL) was recently upgraded. The new system consists of
a Digital AlphaServer 400 as the host computer with communication to several PC-based
and VME-based slave instrumentation modules. VME-based modules were connected
serially to a PC and communication to all PC-based modules was achieved using Ethernet
standard.

In this environment, several software packages were developed using C, X/Motif, and
OpenGL programming languages. This software included the data communication process
and several applications to assist the operators in the configuration of wind tunnel tests,
monitoring of parameters, and the acquisition and reduction of test data.

Descriptions of all these applications” source-code functions have been written and are
documented in this report. This compilation serves as a basis and as a useful reference
guide for future software development in the LSWT. The function summaries have also
been published on the Defence Science and Technology Organisation (DSTO) Intranet at the
following URL location:

http:/ /bernoulli.dsto.defence.gov.au/data_acq/Software/Files/Index.html
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1. Introduction

The data acquisition system in the Low Speed Wind Tunnel (LSWT) at the
Aeronautical and Maritime Research Laboratory (AMRL) was recently upgraded
(Holland et al, 1999). The new system consists of a Digital AlphaServer 400 as the host
computer which provided a C, X/Motif, and OpenGL software development
environment. Communication to PC-based slave instrumentation modules was
achieved using 10 Megabit per second Ethernet standard. VME-based instrumentation
modules were connected via RS-232 serial to a PC, which was also on the ethernet
network (Spataro and Kent, 1998).

The system implemented has provided fast and reliable data communication between
the host computer and the instrumentation modules. Software was developed in C
programming language using the User Datagram Protocol (UDP) to enable data packet
sending and receiving between the host computer and instrumentation modules.
Currently, VXI communication is being explored as a potential replacement for the
VME-based instrumentation modules and software has also been developed for this
purpose.

Several software packages including DATAIN, COMFRC (Edwards et al, to be
published), MONFRC (Edwards, 1999), CALIB (Leung and Link, 1999), and
ACTUATOR (Toffoletto, 1999), have also been developed in C and X/Motif languages.
These packages assist users in the configuration of wind tunnel tests, monitoring of
parameters, and the acquisition and reduction of test data. The algorithms of
DATAIN, COMFRC and MONFRC were all based on the original Fortran software
developed on the old host computer (Fairlie, 1985).

The source code written for the applications above is located on the LSWT host
computer denoted as “Bernoulli”, and descriptions of all functions are documented in
this report. The function summaries are also located on the Defence Science and
Technology Organisation (DSTO) Intranet at the following URL location:

http:/ /bernoulli.dsto.defence.gov.au/data_acq/Software/Files/Index.html.
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The concept of the data acquisition system in the LSWT is illustrated in Figure 1. The
Digital AlphaServer host computer is connected via a 16-port ethernet hub to PC-based
instrumentation modules, which are connected directly to the ethernet using standard
network cards. A multi-port serial hub PC acts as the gateway to the VME-based
modules by processing ethernet requests and converting then to serial requests.

Each instrumentation module performs a particular function as part of the overall data
acquisition system and is connected to its own sensors, motors, controllers, and
instrumentation using a range of hardware.

2. Software Description

All of the software described in this report resides on the host computer.

16 Port Hub
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Figure 1. Data acquisition and instrumentation conceptual layout
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2.1 DATAIN

DATAIN is the startup graphical interface from which wind tunnel operators can
launch applications in a job specific area. On-line or Off-line wind tunnel tests
(COMFRC) can be started, actuators can be calibrated and/or controlled
(ACTUATOR), configuration data can be entered using WISETUP (Edwards, 1999)
and low-level data communication testing can be performed. DATAIN function
summaries are listed in Appendix A.

2.2 COMFRC

COMEFRC (Edwards et al, to be published) is the primary software for the acquisition
and reduction of wind tunnel test data to a form required by the test engineer. It
consists of a graphical user interface from which an operator can follow a test schedule
and take data accordingly. Aerodynamic coefficients are calculated in real time and
are displayed on the screen when data is acquired. Wind tunnel data from previous
tests may also be re-processed and displayed off-line using this program. It is also
capable of reprocessing wind tunnel data obtained from the ASE2000 system in the
Transonic Wind Tunnel (TWT). COMFRC uses the UDP communication libraries to
acquire the latest data from all of the instrumentation modules. COMFRC function
summuaries are listed in Appendix B.

2.3 MONFRC

Wind tunnel parameters and data can be displayed graphically in real time using
MONFRC (Edwards, 1999). This software is written in C with OpenGL libraries to
provide a user-friendly aesthetic interface. Due to the graphics card requirements,
MONEFRC can only be displayed on the LSWT host computer console screen.
MONTFRC uses the UDP communication libraries to acquire the latest data from all of
the instrumentation modules. MONFRC function summaries are listed in Appendix C.

2.4 CALIB

CALIB is a software package developed in C and X/Motif and it is used to produce the
calibration matrix for a force and moment strain gauge balance. The user can choose
from three different calibration models and several different order calibration
equations. Different methods of least squares fitting, data optimisation and statistical
analysis can also be chosen. CALIB function summaries are listed in Appendix D.

2.5 ACTUATOR

Many wind tunnel models include control surfaces that can be remotely moved and
controlled using actuators. The software ACTUATOR (Toffoletto, 1999) enables wind
tunnel operators to control and calibrate these actuators via a graphical user interface.
ACTUATOR uses the UDP communication libraries to acquire data from the actuator
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module and also to send commands to the actuator module. ACTUATOR function
summaries are listed in Appendix E.

2.6 UDP Communication

This library of functions enables UDP data packets to be constructed and sent from the
host computer to the instrumentation modules or vice-versa. A shared memory model
on the host computer was used as the interprocess communication to enable multiple
software programs to access the most current data. UDP communication library
function summaries are listed in Appendix F.

2.7 VXI Communication

This library of functions enables TCP/IP data packets to be received from the VXI
controller PC by the LSWT host computer, and places them in a shared memory area
providing other software programs with access to the data. VXI communication
library function summaries are listed in Appendix G.

3. QOutline of the Function Summaries

The function summaries for all software packages described in Section 2 are listed in
the Appendices. They are intended as a reference and as a guide for future software
developers of the LSWT data acquisition system. Each function summary has the
following format:

FUNCTION | function_name

PURPOSE A brief description of the purpose of the function

SYNTAX type function name(type argument)
List the function § Brief descriptions of the |
arguments and their types ] function arguments

the

INCLUDES List of  “#include” files required

{ function’s compilation and operation. _
RETURN A list of the possible return values of the function and their
VALUES { significance.

DESCRIPTION Y A detailed description of what the function does, the context, what
{ other functions are called within the function, and the significance of
] any return values.
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Please note that the following conditions apply to the format of the function summaries

in the Appendices:

1. The functions have been listed in alphabetical order within each file. The files are
listed in alphabetical order for each software program.

2. Not all lines in the function summary are required and in these cases they have not
been included.

3. Simple functions do not have a detailed description section if they are adequately
summarised with the other information.

4. Common word abbreviations have been used in the interest of brevity.

5. Grammatical abbreviations have been used in the interest of brevity.

6. Symbols, axes systems and wind tunnel corrections that are referred to in the

function summaries are defined in corresponding references.

4. Conclusion

Several software packages have been developed during the implementation of a new
data acquisition system in the Low Speed Wind Tunnel at the Aeronautical and
Maritime Research Laboratory. Descriptions of the source code functions have been
written for reference and are attached as Appendices in this report. The function
summaries have also been published on the Defence Science Technology Organisation
Intranet and can be found at the following URL location:

http:/ /bernoulli.dsto.defence.gov.au/data_acq/Software/Files/Index.html.
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Appendix A: DATAIN Software Functions

A.1. DATAIN Software Function Index

FUNCTION DESCRIPTION FILE
ExitDatain Exit program datain datain.c
Help "Help" call back (not implemented) datain.c
PopupMessage Pop up a warning message datain.c
PutControlButtons Plface the menu pushbuttons onto the main datain.c

window
. Put the Job Directory name as a label on the .
PutJobDirName title_block widget datain.c
. Put the LSWT logo and DATAIN program title at .
PutHeadings the top of the main window datain.c
RunProgram Execute a program in the SHOME/bin directory { datain.c
gy A call back function for the CreateDirDialog .
g . . .
CreateDirDialogCB dialogue box. It creates a new directory. opendir.c
. Create a new Job Directory with the proper .
CreateJobDirectory directory structure opendir.c
OpenDirDialogCB opendir.c
. Create a new Job Directory with the proper .
OpenJobDirectory directory structure opendir.c
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A.2. DATAIN Software Function Summaries

FUNCTION |
PURPOSE

SYNTAX

e —

Exits Datain

ExitDatain(Widget w, XtPointer client data,
XmPushButtonCallbackStruct *cbs);

Widget w;

1 ID of the parent widget

INCLUDES #include "datain.h"

[FUNCTION | Help

PURPOSE “] elp” button callback (currntly not implemented)

SYNTAX void Help(Widget w, XtPointer client data,
XmPushButtonCallbackStruct *cbs);

| widget w; = IDoftheparentwidet ‘

INCLUDES #include "dtain.h"
DESCRIPTION § Currently not implemented

FUNCTION PopupMessage

PURPOSE Pop up a warning message
SYNTAX void PopupMessage (Widget w, char *message);
Widget w; § ID of the parent widget

char *message; { string containing the message
INCLUDES #include "datain.h"
DESCRIPTION { This is a simple function to pop up a warning message
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FUNCTION PutControlButtons
PURPOSE Place the menu pushbuttons onto the main window _

SYNTAX [ void PutControlButtons (Widget main w, int numpb,
] ControlButton *pb, char *header);
Widget main w; the main window widget
| int numpb; | the number of pushbuttons in the set (should |
, be limited to a maximum of 5)
) _ — N
ControlButton Pointer to an array of pushbuttons declared
*pb; in the ControlButton structure
_
char *header Pointer to a string containing the title of the

present set of pushbuttons.

INCLUDES — lfinclude "datain.h"

DESCRIPTION { The properties of pushbutton are declared in a structure

ControlButton:
typedef struct {
Widget w; /* Widget ID of the pushbutton */
char *name; /* Widget name of the pushbutton */
char *label; /* Pushbutton Label */
void (*callback) (); /* Pointer to the callback
routine */
} ControlButton;
Each set of pushbuttons are grouped into an array and passed onto the
function to be placed in a single row. For this reason, maximum
number of pushbuttons (to be placed comfortably in a single row)
declared in a set should not be more than 5.

FUNCTION ] PutJobDirName
PURPOSE

INCLUDES #include "datain.h"

DESCRIPTION | This function is called whenever the user opens a job directory. It first
| checks if the jobdirname widget exists. If it doesn't exist the function
creates it, else the text value of the jobdirname widget is set to that of
the jobdir.
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FUNCTION

PURPOSE | Put the LSWT logo and DATAIN program title at the top of the main
| window

void PutHeadlngs (W:Ldget main_w, Display *dpy):;

Widget main_w; ! the mam window widget
u

DESCRIPTION

INCLUDES '

contained in datain.h

Display *dpy; the display context obtained by calling

| dpy = XtDisplay(toplevel);

{ where toplevel isthe widget returned by
§ XtVaAppInitialize
#lnclude "datain.h"

This function puts the LSWT logo and DATAIN program title at the top
of the main window. The LSWT logo is input from the image file
“Iswtlogo.xpm" located in the SHOME/ bin directory. The DATAIN
program title is hard coded in the "#define PROG_TITLE" statement

FUNCTION | RunProgram
| PURPOSE | Execute a program in the SHOME/ bin directory
SYNTAX v01d RunProgram (Widget w, char *prog, char *param);

N (TR R T
oo reor e orthe progam b s

| command line parameters needed by the
§ program, NULL if there is none

INCLUDES

DESCRIPTION |

The program to be executed should be in the $HOME/bin directory. If
the program is not found, a warning message will pop up.
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FUNCTION CreateDirDialogCB
PURPOSE A call back function for the CreateDirDialog dialog box. It creates a new
] directory. o _ ‘
SYNTAX void CreateDirDialog(widget w, int client_data,
XmSelectionBoxCallbackStruct *cbs;

[ Mwidgetw  |[Doftheparentwidget |
[ Jint client_data | callback client data

XmSelectionBoxCallbackStruct { callback structure ' _
information
INCLUDES "datain.h" _

*cbs
DESCRIPTION { Creates a job directory and the copies the template directory
structure and files to the new the job directory if OK is pressed on the
dialog box.

#include

FUNCTION CreateJobDirectory
PURPOSE Create a new Job Directory with the proper directﬂstructure

SYNTAX int CreateJobDirectory (Widget w,
int client_data,
¥mPushButtonCallbackStruct *cbs);

ID of the parent widg
§ Not used

| Callback data structure
‘ INCLUDES

DESCRIPTION J§ To simplify the process of creating a proper directory structure for the
wind tunnel job, a directory known as $HOME/ task/template
containing the basic directory structure described in OpenJobDirectory
is used as a template, so that when the CreateJobDirectory
function is called, it simply copies the whole template directory
structure to the new job directory. Basic configuration and initialisation
files may also be included in this template directory so that they too can
be copied to the new job directory.

Widget w; et

—
int client_data;

_
XmPushButtonCallbackStruct
*cbs;

#include "datain.h"

11
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FUNCTION OpenDirDialogCB v
PURPOSE Opens to the selected job directory ,

SYNTAX Jvoid OpenDirDialogCB (Widget w, int client_data,
v XmSelectionBoxCallbackStruct *cbs);

- ID of the parent widget

callback client data
*cbs;
INCLUDES

callback structure information |
#include "datain.h" |

DESCRIPTION '} Changes the working directory to the selected job directory and calls
the function Put JobDirName

Widget w;

int client_data;
XmSelectionBoxCallbackStruct

FUNCTION | OpenJobDirectory |
Ask the user to select a Job Directory as the default working directory
{int OpenJobDirectory(Widget w,

int client data,
§ XmPushButtonCallbackStruct *cbs):

| ID of the parent widget ‘

~ fwidget w;

int client_data;

XmPushButtonCallbackStruct Callback data structure
*cbs;
INCLUDES f4include "datain.h" ‘

DESCRIPTION § Most LSWT Data Acquisition Programs requires a proper directory
structure before they can operate correctly. The OpenJobDirectory
function is therefore necessary to be executed at the start of the datain
program to set the default working directory to an appropriate one.
All wind tunnel job sub-directories are expected to be under the
$HOME/ task directory. Each job directory should contain at least the

following sub-directories:
e conf/

e data/

e results/

e misc/

e sched/

This function is normally executed as a pushbutton callback and hence

is not expected to return any value. However, the function may be

called in the normal fashion, and returns 0 for success opening of the
job directory, else -1 is returned.
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Appendix B: COMFRC Software Functions

'B.1. COMFRC Software Function Index

FUNCTION

DESCRIPTION

FILE

calall

Recalculate all data lines using
average values of initial and final
zeros and print the results

calall.c

calalliwt

To calculate tareweight
components

calall.c

frclsf

Calculate the least squares slope
A in Y=A*X and the standard
error of estimate of A, STERR

calall.c

momlsf

Calculate the least squares
estimates of A and B in X1=A*X2
+ B*X3 and the standard error of
estimate, STERR

calall.c

attmod

Converts raw theta, psi, phi
attitudes to alpha and beta and to
take account of balance offsets
and deflections

calcsfre.c

balred

Produces balance load
components from a 6 component
SG balance voltage readings
using a second order calibration
matrix

calcsfre.c

invbal

Finds the set of voltage readings
R equivalent to a set of
component loads F.

calcsfre.c

rocalcs

Calculates thrust and torque
coefficients for propeller
measurement tests

calcsfre.c

tarewt

Calculates the tare weight
contribution

calcsfrc.c

toaxes

Converts wind axes coefficients to
body, stability and missile axes
coefficients

calcsfre.c

towind

Converts balance buoyant loads
to body axes coefficients and then
to wind axes coefficients

calcsfre.c

13
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Applies wind tunnel corrections

wtcorr to the data calcsfre.c
Create 2 control buttons for Prev
Create ArrowButtons & Next schedule co ds comfre.c
CreateDataField Create an area for Data Line comfrc.c
outputs
; Create Data File, Config File and
CreateFilenameBox Schedule File Name boxes comfre.c
Create 2 control buttons for
CreateManualButtons manual setpoint and move comfrc.c
commands
CreatePushButtons Create an area for Data Line comfre.c
outputs
CreateScheduleField Create an area for Schedule file comfrc.c
outputs
exit comfrc Exit function of the comfre comfre.c
—— program
Function that forces an update of
ForceUpdate the screen and flushes all X events | comfrc.c
and requests
Callback function if fully auto
fully auto cb mode is selected from the option | comfrc.c
menu
] Main function for Comfrc comfre
man application ° <€
Callback function if the manual
man_setpt setpoint push button is pressed comfre.c
al b Callback function if manual mode comfre.c
manua co is selected from the option menu )
PopupGeneralWarningDialog dC;aiZ: a pop-up general w, g comfre.c
. Callback routine for the response
PopupGeneralWarningResponse of PopupGeneralWarningDialog() comfre.c
Processes arguments passed
ProcessArgy through input line comfre.c
ProcessKeyEvent Function to process Keyboard comfrc.c
commands
Callback function if semi auto
semi_auto cb mode is selected from the option | comfrc.c

menu
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Sets the initial sensitivity of the
. push buttons according to
SetPushButtonsSensitive whether a first or final zero has comfrc.c
been taken
Callback function if "apply
tol b tolerances" checkbox is toggled comfre.c
Create the Menu Bar,
CreateMenuBar incorporating all the menu comfrcmenu.c
commands
1 R11aN
file cb Callback function for the "File comfrement.c
B menu command
help cb ;Zlaelrlllzla;:l;mfu;:zgn for the "Help comfrcmenu.c
options_cb ?allb.ack "function for the comfrcmenu.c
Options" menu command
- n n
tools_cb glaelizazﬁ functlgn for the "Tools comfrcmenu.c
. Reads data array from the
AcquireActuatorData Actuator Module DataAcqFuncs.c
. . Reads data array from the AC
AcquireACStrainGaugelData Strain Gauge 1 Module DataAcgFuncs.c
AcquireAuxiliaryData iiﬁf;iﬁ;ﬁefmm the DataAcqFuncs.c
. o Reads data array from the
AcquireCalibrabonModuleData Calibration Module DataAcgFuncs.c
) Reads data array from the
AcquireFreestreamData Freestream Module DataAcqFuncs.c
. . Reads data array from the
AcquireInclinometerData Inclinometer Module DataAcqFuncs.c
AcquireStingColumnRigData gz?sxazga;\r{i}éf:lim the Sting DataAcqFuncs.c
AcquireTurntableData %ﬁiﬁ:ﬁ;ﬁﬁiﬁmm the DataAcqFuncs.c
Reads data array from the Strain
AcquireVXIStrainGaugeData Gauge Module through the VXI | DataAcqFuncs.c
system
Converts a raw data array
obtained from the Actuator
ConvertActuatorData module into engineering units DataAcqFuncs.c

and places in the current line
pointer

15
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Converts a raw data array
obtained from the AC Strain

ConvertACStrainGaugelData Gauge 1 module into engineering | DataAcqFuncs.c
units and places in the current
line pointer
Converts a raw data array
obtained from the Auxiliary
ConvertAuxiliaryData module into engineering units DataAcqFuncs.c
and places in the current line
pointer
Converts a raw data array
obtained from the Calibration
ConvertCalibrationModuleData | module into engineering units DataAcqFuncs.c
and places in a data array of type
double
Converts a raw data array
obtained from the Freestream
ConvertFreestreamData module into engineering units DataAcqFuncs.c
and places in the current line
pointer
Converts a raw data array
obtained from the Inclinometer
ConvertInclinometerData module into engineering units DataAcqFuncs.c
and places in the current line
pointer
Converts a raw data array
obtained from the Sting Column
ConvertStingColumnRigData Rig module into engineering DataAcqFuncs.c
units and places in the current
line pointer
Converts a raw data array
obtained from the Turntable
ConvertTurntableData module into engineering units DataAcqFuncs.c
and places in the current line
pointer
validate data not_stale Ensure tha.t the data obtained is DataAcqFuncs.c
non-stale (i.e. a new packet)
validate vxi_data not stale Ensure tha.t the data obtained is DataAcqFuncs.c
non-stale (i.e. a new packet)
dsp data ISjiI;d a line of data to the serial display.c
dsp_endblock Send the "end of block" signal display.c
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dso init Initialises the serial line and send display.c
£ep.ant the initial strings piay
dsp_open Open the terminal line for I/O display.c
dsp_reject Send the "reject" signal display.c
Send a character to the terminal .
dsp_send device display.c
Obtain the actuator channels that { ,.
get act channel controls the elevator and rudder display.c
Returns the value of the variable .
get_dbvalue indicated by dbname display.c
Call back routine for the Cancel
CancelCallback push button on the filedialog.c
SetUpActuatorsDialog
Callback routine for the "Use
CheckBoxCallback different Config File" CheckBox { filedialog.c
widget
Create pushbutton controls for I
CreateButton the File Dialog filedialog.c
CreateCheckBox %iﬁl;;;;}gkggzﬁggﬁi for filedialog.c
CreateFileComboBox gﬁ:a;aﬁg; Combo Box for the filedialog.c
DataFileCallback S:i:iciggzlt; Zgjgr DataFile filedialog.c
GefFileList Geta listof r;u files froma given | g1 gialog.c
Callback function for the
OpenFileCancel "CANCEL" button in Open File filedialog.c
Dialog
OpenFileDialog Establish an Open File Dialog for | iledialog.c
. Callback function for the "HELP" { ... ..
enFilefel pushbutton in Open File Dialog filedialog.c
. Call back routine for the "OK" a1
enfileOK pushbutton in Open File Dialog filedialog.c
Call back routine for the Reset
ResetCallback push button on the filedialog.c
SetUpActuatorsDialog
SetConfigFileBox S(S:&E)tntlzc;;l;ents of the Config File filedialog.c

17
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Creates a dialog to inform the
SetUpActuatorsDialog user of the setup progress of the | filedialog.c
actuators
trim_trailing spaces T.nm off '_Tr g spaces froma filedialog.c
given string
Searches for String in file fp,
Find Fmt then returns file pointer to initfrc.c
original position
FndNextLine I-{eac.IS file £p until the next valid initfrc.c
_— line is reached.
Find Var Fmd§ a sp§c1f1ed string within a initfre.c
— specified file
init Does initialisation for wind initfre.c
nt tunnel test )
Splits a string (Line) into an
ReadCharArra array of sub-strings, which are initfre.c
seadinalnney separated by one or more spaces,
or tabs.
- Reads all configuration data from | . .
Read Config File the supplied configuration file initfre.c
Reads all configuration data from
Read Old Config File the supplied configuration file (of | initfrc.c
the old format)
Reads the test schedule
. information from the specified .
ReadSchedFile Test Schedule file into a initfre.c
SchedFilePtr
Read Vector Reads numbers from a string into initfre.c
I — a vector
. S Writes configuration datainthe {. .
Write Config File ConfigDataPtr to afile initfre.c
Writes the inclinometer offsets
contained in the modules ..
hostZero initialisation file down to the initModules.c
Inclinometer Module
.. Does initialisation of the . .
initFs Freestream Module initModules.c
.. Does initialisation of the . .
initinc Inclinometer Module initModules.c
initSCR Does mma_lisatton of Sting initModules.c
= Column Rig
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Does initialisation of Turntable

engineering units

initTurntable Module initModules.c
selfZero ?erf‘orms a"zero" of the initModules.c
= inclinometer
Writes the Reynolds Number
length down to the Freestream ..
setReNoLength Mo%iille for correct calculation initModules.c
and display of Reynolds number
streamAllModules iﬁnds a streaming command to initModules.c
communicable modules
input_offline Inputs data from a raw data file | inputfrc.c
input online Acquires a line of data from the inputfrce
mput Ohne instrumentation modules )
This is the timeout procedure for
the moving dialog, which
continually updates the current
wind tunnel parameter values
CheckStatus and the movement status mdl_entrl.c
indicators. It also indicates
whether current values are within
tolerance of the test schedule file
setpoints
dose cb ;l"his is the (;lose ‘Fautton callback mdl_cntrlc
= or the moving dialog
This is the Move button callback
move cb for th ine dial mdl_cntrl.c
or the moving og
Creates a dialog on the Comfrc
move online i1.1terface to show tes:t schedule mdl cntrlc
= file parameter setpoints, current
values and movement status
This is the Stop button callback
stop cb for the moving dialog mdl_cntrl.c
) Writes formatted output to text .
Ep_an_t wi dge ts misc.c
Finds the average of the first and
average final zeros and calculates the normalfrc.c
buoyant zeros
] Checks zero lines for consisten
chekit of attitude Y 1 normalfre.c
convert data Converts one raw data line to normalfre.c

19
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FindFileConstIindex

Finds whether the specified file
constant exists in the
ConfigDataPtr

normalfrc.c

hextodec

Converts 2 word parameters to
the correct integer format

normalfrc.c

normal

Processes a normal data line

normalfrc.c

printout

Outputs to the screen the current
line vales computed from the raw
data values

normalfrc.c

sgdata

Converts raw strain gauge data to
a voltage

normalfrc.c

sortit

Determines whether a line is a
zero line or a normal force data
line

normalfrc.c

CalculateX1invX2

Calculates the X1inv matrix and
performs the matrix
multiplication Xlinv * X2

offlineASE.c

ConvertDeflConstFormat

Converts the deflecion matrix
read in from the ASE2000 TWT
data file to the LSWT format

offlineASE.c

ConvertDMatrixAxesFormat

Converts the D matrix read in
from the ASE2000 TWT data file
(XY,Z,1,mn format) to the LSWT
format (X,1,Y,m,Z,n)

offlineASE.c

ConvertTaresFormat

Converts the tares matrix read in
from the ASE2000 TWT data file
to the LSWT format

offlineASE.c

ConvertX1MatrixAxesFormat

Converts the X1 matrix read in
from the ASE2000 TWT data file
(X,Y,Z,1,m,n format) to the LSWT
format (X,1,Y,m,Zn)

offlineASE.c

ConvertX2MatrixAxesFormat

Converts the X2matrix read in
from the ASE2000 TWT data file
(X,Y,Z,1,m,n format) to the LSWT
format (X,1Y,m,Z,n)

offlineASE.c

offlineASE

Processes ASE2000 transonic
wind tunnel data offline

offlineASE.c

offline ASEfrc

Reads and processes ASE2000
TWT force and moment data files
offline

offlineASE.c

offline ASEtwt

Reads and processes ASE2000
TWT tareweight data offline

offlineASE.c

20
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Read Config ASE

Reads in the configuration data
from both the ASE2000 transonic

, wind tunnel data file and a LSWT

configuration file

offlineASE.c

ReadParameterMatrix

Searches for the header in the
ASE2000 TWT data file and then
reads in the matrix on the
following lines according to the
number of rows and columns
specified

offlineASE.c

ReadParameterString

Searches for the header in the
ASE2000 TWT data file and then
reads in the string on the
following line

offlineASE.c

ReadParameterValue

Searches for the header in the
ASE2000 TWT data file and then
reads in the value on the
following line

offlineASE.c

comfrc_offline

Performs off-line computation of
raw data for Comfrc

offlinefrc.c

read dataline_offline

Reads a line of raw data knowing
that it is only data. Called in the
offline sampling case

offlinefrc.c

sample data_offline

Performs the processing of the
data in the off-line case if
sampling is required. Itincludes
statistical computations

offlinefrc.c

add_to_list

Allocates memory for another
pointer after the last in the linked
list and moves to that pointer

onlinefrc.c

calculate stats

Calculates the statistical
information for the samples at
each data point

onlinefrc.c

comfrc_online

Performs on-line computation of
raw data for Comfrc

onlinefrc.c

count

Returns the number of structures
in the list pointed to by head

onlinefrc.c

cumulate_stats

Cumulates the statistical
information for the samples at
each data point

onlinefrc.c

21
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Comfrc interface to indicate the
progress of data acquisition

Acquires a final zero data line,
final . sets the corresponding flag and .
finalz_online reprocesses all data based on the onlinefre.c
first and final zero data
. . Returns the offset (file position) of .
find_penultimate the penultimate line of a file onlinefrc.c
firstz online Acquires a first zero data line and onlinefre.c
Tes————— sets the corresponding flag
Acquires data from the
get data_online instrumentation mc')dules, onlinefrc.c
processes it and writes the raw
data to a file
Brings up available help
help online documentation (currently not onlinefrc.c
implemented)
. . Performs history plot on dspfrc .
history online (currently not implemented) onlinefrc.c
init block Imtlal‘lses a new block in Comfrc - onlinefre.c
= resetting of flags
. Prepares for the next setpoint in .
next_online the test schedule file onlinefre.c
Outputs results from normal to a
normaldata_to widget text widget on the Comfrc onlinefrc.c
application interface
. Prepares for the previous setpoint .
prev_online in the test schedule file onlinefrc.c
. . Rejects the last line of data that .
reject online was acquired onlinefrc.c
Performs the sampling and
. processing of the data in the on- .
sample dafa online line case. Itincludes statistical onlinefre.c
computations
Calculates the standard deviation
stdev from the sum, the sum of the onlinefre.c
= squares and the number of
samples
Outputs a string to a text widget
string to_widget on the Comfrc application onlinefrc.c
interface
Obtains data samples and
TakeDataSamples displays a working dialog on the onlinefrc.c
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write rawdata_line

| Writes a single line of acquired
{ raw data to the raw data file

onlinefrc.c

E

Prints the header information to
the results output file and
statistics file (if sampling
required) for a force and moment
test

prtout.c

Prints the header information to
the results output file and
statistics file (if sampling
required) for a tareweight
calculation

prtout.c

Outputs a blank line to the output
results file and statistics file (if
sampling required) to indicate a
new block

prtout.c

Outputs a line of processed data
to the output results file
according to the output format
defined in the ConfigDataPtr

prtout.c

prtstdev

Outputs a line of standard
deviations of certain parameters
for each group of samples

prtout.c

AddPaddingSpaces

Adds padding spaces to space out
the header items above the test
schedule field

schedule.c

InputScheduleList

Opens the test schedule file and
loads in the header items and
parameter values to the test
schedule field on the Comfrc
interface

schedule.c

SetSchedulePosition

Increments the test schedule file
list by the increment amount and
highlights the current position

schedule.c
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B.2. COMERC Software Function Summaries

FONCTION  Jel ]
PURPOSE Recalculate all data lines using average values of initial and final zeros
| and print the results v ) »

SYNTAX int calall (GlobalPtr gp)
GlobalPtr gp Global Comfrc pointer

INCLUDES #include "calallfrc.h"
#include "debugs.h"
#include "prtout.h"
DESCRIPTION 1 This function traverses through the linked list starting at the first data
line after the first_zero line, and using the 'first' variable as the
traversing pointer, all valid data lines are re-calculated.
1. Balance voltages are corrected for buoyant zeros
2. Balance loads are calculated using calibration matrices (calls balred
function)
3. Aerodynamic loads calculated by removing tareweight component
(calls tarewt function)
4. Calculate alpha/beta attitudes and correct for deflections (calls
attmod function)
5. Converts balance buoyant loads to body then wind axes (calls
towind function)
6. Applies wind tunnel corrections (calls wtcorr function)
7. Converts wind axes coefficients to body, stability and missile axes
(calls toaxes function)

8. Prints dataline to output file (calls prtline function)
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PURPOSE | To calculate tareweight components
SYNTAX Jint calalltwt(GlobalPtr gp)

] GlobalPtr gp; Global Comfrc pointer

#include "comfrc_header.h"
#include "calalltwt.h"
#include "calcsfrc.h"
#include "calallfrc.h"
#include "debugs.h"
#include "prtout.h"

This function assumes a linear (first-order) balance calibration and
hence can calculate the tare weight components (using a least squares
fit) directly without iteration. However because model attitudes are
generally derived from sting base values and must be corrected for
sting and balance deflections, iteration is required.

This function traverses the linked list starting at the first data line after
the first_zero data line, and using the 'first' variable as the traversing
pointer, all valid data lines are re-calculated.

1. Calculate tare loads from present estimates

2. Get balance readings equivalent to these loads (calls invbal
function)

3. Calculate buoyant zeros

4. Calculate component loads (calls balred function)

5. Calculate sums with deflection corrected attitudes

6. Calculate least squares fits to forces and moments and check for
convergence
7. Iterate or output tareweight values to file

INCLUDES

DESCRIPTION
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PNCTON st ]

estimate of A, STERR
int frclsf(double nn, double x, double y, double xx,

double yy, double xy, double *a, double *sterr)
e Temeaene
double x
double y ' sum of y ‘
N ST CY T A
I (T YT,

 lowe s oA
 [oowie v [sendadenor ]

INCLUDES #include "comfrc_header h"
I #include "calalltwt.h"
§ #include "calcsfrc.h"
§ #include "calallfrc.h"
#include "debugs.h"
‘ ] #include "prtout.h"
DESCRIPTION § Calculates the least squares slope and standard error in Y= A*X using
 the various sums of the x and y variables
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FORCTION Jmomst |
PURPOSE Calculate the least squares estimates of A and B in X1=A*X2 + B*X3 and

_ v the standard error of estimate, STERR _
SYNTAX l int momlsf (double nn, double x1, double x2, double

x3, double x1x1l, double x2x2, double x3x3, double
x1x2, double x2x3, double x1x3, double *a, double *b,

double *sterr) '
Gouble on
double x1 sum of x1
double x2 sum of x2
double x3
double x1x1

sum of x3

sum of x1*x1

double x2x2 sum of x2*x2
double x3x3 sum of x3*x3
e e

double x2x3 sum of x2*x3

N
double x1x3 l sum of x1*x3

: -
double *a | slope A

Sowie b
double *sterr standard error
INCLUDES #include "comfrc_header.h"

$include "calalltwt.h"

#include "calcsfrc.h" |

#include "calallfrc.h"

#include "debugs.h"

#include "prtout.h”

DESCRIPTION { Calculates the least squares estimates and standard error in X1= A*X2 +
B*X3 using the various sums of the x1, X2 and x3 variables
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FONCTION _latmod ]

PURPOSE { Converts raw theta, psi, phi attitudes to alpha and beta and to take
, § account of balance offsets and deflections

SYNTAX int attmod(ConfigDataPtr cdp, CurrentlinePtr clp)
Configuration Data pointer
e on

INCLUDES [ #include "comfrc_header.h"

#include "debugs.h"

DESCRIPTION ] This function first calculates balance/ sting deflections from balance

buoyant loads and corrects for theta and phi offsets. If the turntable is

§ the source of psi data, beta is obtained from this. Otherwise alpha and
] beta are calculated from the deflected attitudes.

FUNCTION | balred
-
PURPOSE Produces balance load components from a 6 component SG balance
voltage readings using a second order calibration matrix
SYNTAX {int balred(ConfigDataPtr cdp, double f[6], double
grie])
Configbatabtr cdp | Configuration Datapointer |
f double £[6] vector of component loads
— [wre e [vector of balance voltaees
INCLUDES #include "comfrc_header.h"
#include_fdebugs.h"
DESCRIPTION { This function produces balance load components from a 6 component
SG balance voltage readings using a second order calibration matrix.
First order approximation to F is calculated using calibration matrix
data contained in ConfigDataPtr. A vector of squares and cross-
products of F is formed and the non-linear contribution is calculated.
Approximation to F is updated and convergence is checked.
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FUNCTION invbal

PURPOSE Finds the set of voltage readings R equivalent to a set of component
loads F. ,

SYNTAX int invbal (ConfigDataPtr cdp, double fb[6], double
rb[6])

— ConfigDataPtr cdp ] Configuration Data pointer
— double fb[6] vector of component loads

vector of balance voltage
| outputs at unit excitation |

DESCRIPTION |} This function calculates the set of voltage readings equivalent to a set
of component loads. A vector of squares and cross-products of loads is
formed. The non-normalised reading components are calculated using
the calibration matrix data contained in the ConfigDataPtr.
Readings are finally calculated by predividing by D (the diagonal
matrix contained inihle ConfigDataPtr).

double rb[6]

INCLUDES [#include "comfrc_header.h"
#include "debugs.h"

Calculates thrust and torque coefficients for propeller measurement
j tests

lconfigDataPtr cdp Configuration Data

—_ CurrentLinePtr clp § Current Line pointer

INCLUDES [#include "comfrc_header.h”
#include "debugs.h"

DESCRIPTION { This function calculates the thrust and torque coefficients and advance

29
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FONCTION _Jarewe ]

PURPOSE Calculates the tare weight contribution

_ - _
SYNTAX §int tarewt (ConfigDataPtr cdp, CurrentLinePtr clp)
| ConfigbataPtr cdp

{ Configuration Data pointer

| CurrentLinePtr clp ] Current Line pointer

INCLUDES | #include "comfrc_header.h"

§ #include "debugs.h"

DESCRIPTION ] This function calculates the tareweight contribution and uses the same
algorithm whether the model is rear-sting mounted or mounted via a
pylon and rear spear.

Tareweight contribution is added to component loads using model
attitudes. Conversion of units is performed depending on the form of
| the calibration matrix.

FUNCTION

PURPOSE Converts wind axes coefficients to body, stability and missile axes
coefficients

SYNTAX | int toaxes(ConflgDataPtr cdp, CurrentLinePtr clp)

— ConfigDataPtr cdp § Configuration Data pointer
CurrentLlnePtr clp ; CurrentLlne pointer ,

INCLUDES | #include " ComEre _header.h"
v #include "debugs. hf »
DESCRIPTION ] This function converts wind axes coefficients to body, stability and
missile axes coefficients using the alpha and beta attitudes and psi
§ obtained from attmod.




FONCTION  Jeowind ]

PURPOSE

wind axes coefficients
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Converts balance buoyant loads to body axes coefficients and then to

int towind(ConfigDataPtr cdp, CurrentLinePtr clp)

INCLUDES

DESCRIPTION

#include "comfrc_header.h"
#include "debugs.h"

alpha and beta attitudes obtained from attmod.
Bttt

ConfigDataPtr cdp

§ Configuration Data pointer
{ Current Line pointer

CurrentLinePtr clp

This function first converts the balance buoyant loads to balance axes
coefficients. The balance axes coefficients are converted to body axes
coefficients using the offsets located in the ConfigDataPtr. The body
axes coefficients are then converted to wind axes coefficients using the

FUNCTION ! wtcorr
PURPOSE I Applies wind tunnel corrections to the data

int worr(onfigDataPtr cdp, CurrentLinePtr clp)
I

Configuration Data pointer

Current Line pointer

SYNTAX
ConfigDataPtr cdp
CurrentLinePtr clp
INCLUDES #include "comfrc_header.h"
#include "debugs.h"
DESCRIPTION |Th '

"This function applies wind tunnel corrections to the data including

blockage, lift interference factors, tailplane angle and alpha corrections.
Refer to:

Fairlie, B.D., (1985), Algorithms for the Reduction of Wind Tunnel Data
Derived from Strain Gauge Force Balances, Aerodynamics Report 154, AR-
004-017, DSTO Aeronautical Research Laboratories, Australia.
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FUNCTION { CreateArrowButtons

PURPOSE { Create 2 control buttons for Prev & Next schedule commands

SYNTAX void CreateArrowButtons (Widget parent,
ComfrcControlButton *cb, GlobalPtr gp)

Widget parent parent Widget

GlobalPtr gp Global Comfrc pointer

e o

ComfrcControlButt JStructure containing information pertaining
on *cb to buttons on Comfrc interface

INCLUDES #include "comfrc_header.h"
#include "comfrc.h"
#include "onlinefrc.h"
#include "mdl_cntrl.h"
#include "schedule.h"
J#include "mDB Indx.h"

DESCRIPTION | Creates the next and previous arrow buttons for the test schedule field
Creates the option menu widget with manual/semi-auto/ fully-auto

3 modes of data acquisition using the test schedule.
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FUNCTION | CreateDataField '

PURPOSE Create an area for Data Line outputs
SYNTAX

void
CreateDataField (Widget parent, XWindowsWidgets
*XWpP